The chickpea Early Flowering 1 (Efl1) locus is an ortholog of Arabidopsis ELF3
Stephen Flowering time is a key factor in the geographical distribution of both native plant 24 populations and cultivated crops the range of cultivation through selection of flowering gene variants (Osborn et al., 1997;  33 Hecht et al., 2005; Peng et al., 2015) . 38 . Its wild progenitor, Cicer reticulatum Ladiz. is a quantitative long day 39 (LD) plant that exhibits responsiveness to vernalization (Smithson et al., 1985; Abbo et al., 40 2002). In its natural range within southeastern Turkey, C. reticulatum germinates in the 41 autumn, flowers in the spring and matures in the summer. The sensitivity of chickpea to 42 ascochyta blight has confined the natural range of C. reticulatum to this limited region where 43 winters are relatively dry and disease pressure is low (Abbo et al., 2002 average frost free period is just 110-120 days (Daba et al., 2016a Currently, four major Mendelian loci controlling flowering time in chickpea have been 66 identified through classical genetic analysis, with recessive alleles at these loci conferring 67 early flowering. These have been named Early flowering 1 (Efl1) to Efl4 68 with mutant alleles designated as efl1 to efl4. These were first identified in lines ICCV 2 69 (Efl1; ; ICC 5010 (Efl2; Or et al., 1999) ; BGD-132 (Efl3; 70 Hegde, 2010); and ICC 16641 and ICC 16644 (Efl4; . In addition, six 71 QTLs have been reported from chickpea linkage studies (Weller and Ortega, 2015) . Several 72 of these studies have involved ICCV 2, which is known to carry efl1, and each of these have 73 reported a major QTL on what is now known to be Ca5 (Cho et al., 2002; Vadez et al., 2012;  74 Pushpavalli et al., 2015) , while Efl2 has been shown to be associated 75 with a QTL on Ca1 (Lichtenzveig et al., 2006 early flowering phenotypes in segregating populations derived from ICCV 96029 (Gumber 114 and Or et al., 1999; Anbessa et al., 2005) .
116
We next examined the genetic basis for differences in flowering time and photoperiod 117 responsiveness between these two parent lines using the CDC Frontier x ICCV 96029 CPR-118 01 RIL population (Deokar et al., 2014) , identifying a total of eight QTLs for flowering time. ICCV 2, one of the parents of ICCV 96029 Pushpavalli et al., 2015) .
127
The early-flowering locus efl1 was first identified in a cross between ICCV 2 and JG 62 128 where flowering time distribution was bimodal, indicating that efl1 was the only major locus controlling differences in flowering time between these two lines (Kumar and van Rheenen, 130 2000 is also responsible for this large QTL (Supplemental Figure S1 ). Arabidopsis flowering time genes is conserved in legumes (Hecht et al., 2005; Kim et al., 141 2013; Weller and Ortega, 2015) . Accordingly, we constructed a physical map with the Table S1 ). across a range of plant species (Pin and Nilsson, 2012) . This gene family has been studied in 275 several legume species (Kong et al., 2010; Hecht et al., 2011; Laurie et al., 2011; Yamashino 276 et al., 2013; Zhai et al., 2014) , where most species have at least five FT-like genes which may 277 be divided into three distinct clades; FTa, FTb and FTc . We identified to other genes with similar positive effects on flowering time . To gain 346 further insight into sequence variation at this locus, we re-sequenced the entire CaELF3a Efl4) have been identified in domesticated chickpea germplasm and the genes responsible for 358 these loci are unknown. Efl1, the first major flowering time locus described in chickpea, was 359 initially defined in ICCV 2 , which has been used as a 360 common parent in several crosses that report major QTLs on Ca5, suggesting a likely map 361 position for Efl1 (Cho et al., 2002; Vadez et al., 2012; Pushpavalli et 362 al., 2015) . Allelism tests have provided strong genetic evidence that this early flowering efl1 363 gene is also present in ICCV 96029, a direct descendent of ICCV 2 . reported previously, including the QTL on Ca4 (Cobos et al., 2007; Varshney et al., 2014) 381 and on Ca5 (Cho et al., 2002; Vadez et al., 2012; Pushpavalli et al., 382 2015). GI remains a potential candidate for qdf-SD4, with markers for CDC Frontier and Figure S4 ). In the model LD legume pea, the GI ortholog LATE1 regulates photoperiod sensitivity, with mutant alleles conferring late flowering under LD (Hecht et al., 386 2007), but we did not observe any significant association between the D627E SNP and (Figure 7) , it is possible that the field conditions employed in these earlier studies 414 failed to expose the more significant contribution of this region to DTF that we found 415 associated with qdf-SD5 under controlled-environment SD. Recently Upadhyaya et al. 416 (2015) described a QTL on Ca4 as Efl1, implying that it is synonymous with 417 Ca_14192/XM_012715013, a homolog of Arabidopsis PIE1. However, no data supporting 418 the equivalence of this QTL with Efl1 was presented. The QTL was in close proximity to GI and the qdf-SD4 described in the present study, but is clearly distinct from the major qdf-SD5 420 QTL, and full-length sequencing of this gene in both CDC Frontier and ICCV 96029 revealed 421 only two silent SNPs within the CDS, excluding it as a candidate for Efl1 in this population. (Kumar and Rao, 2001; . Seq GBS) approaches (Deokar et al., 2014) . This data was used for the QTL analysis (Table   522 1) using the ICIM-ADD (composite interval mapping) method of QTL-IciMapping v4.0.3.0 523 (Meng et al., 2015) . We also identified 138 chickpea homologs of Arabidopsis flowering were performed for each sample. Primer details are included in Supplemental Table S2 . were aligned using ClustalW (Supplemental Dataset 1; Thompson et al., 1994) and adjusted 569 manually, where necessary, using GeneDoc (v2.7.000; Nicholas and Nicholas, 1997; 570 www.psc.edu/biomed/genedoc). These alignments were used to generate a neighbor-joining 571 tree using MEGA v6.0 (www.megasoftware.net). For statistical analysis of the data presented 572
in Figure 4B , Supplemental Values represent ± SE for n = 6-9 replicates. 
